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(54) Process for preparing an aqueous solution of a polycondensate, products obtained by said 
process and the use thereof 

(57) The invention relates to a process for preparing 
an aqueous solution of a polycondensate by 

a) preparing, in a first step, an aqueous solution of 
a precondensate composed of: at least one com- 
pound I containing at least two amino groups, at 
least one aldehyde II, at least one sulphonating 
agent III and, optionally, one or more co-reacting 
agents IV; 

b) converting, in a second step, the precondensate 
obtained in step a), optionally in the presence of one 
or more co-reacting agents IV, into a polyconden- 
sate at a lower pH than in step a), 

wherein, at the end of step a), any excess of unre- 
ached compound III is reacted with an oxidizing agent 
and, in step b), an additional amount of the compound I 
is added to the precondensation product, and to the 
products thus obtained and to the use thereof. 
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Description 

The invention relates to a process for preparing an 
aqueous solution of a polycondensate by 

a) preparing, in a first step, an aqueous solution of 
a precondensate composed of: at least one com* 
pound I containing at least two amino groups, at 
least one aldehyde II, at least one sulphonating 
agent III and, optionally, one or more co-reacting 
agents IV; 

b) converting, in a second step, the precondensate 
obtained in step a), optionally in the presence of one 
or more co-reacting agents IV, into a polyconden- 
sate at a lower pH than in step a). 

Such a process is disclosed in German Offenle- 
gungsschrift 2 505 578. In particular, the latter concerns 
the preparation of an aqueous solution of melamine/for- 
maldehyde condensation products containing sulphonic 
acid groups, in which 

a) melamine, formaldehyde and an alkali-metal sul- 
phite in a molar ratio of 1:2.8 to 3.2:0.9 to 1.1 is 
heated in an aqueous solution at a temperature of 
60 - 80°C and a pH of 10 - 13 until sulphite can no 
longer be detected, 

b) after adjusting to a pH of 3.0 - 4.5, heating is con- 
tinued at a temperature of 30 - 60°C for 30 - 90 min- 
utes, and 

c) after adjusting to a pH of 7.5 to 9.0, the conden- 
sation product is heated at a temperature of 70 - 
95°C until the viscosity has a value of 5 to 40 cP at 
20°C and a solids content of 20%. 

In step a), up to 40 mol% of the melamine can be 
replaced by urea and the molar ratio of the mixture of 
melamine and urea to formaldehyde is 1 :2.3 to 3.2. The 
condensation products prepared in this way are used in 
the form of a solution having a solids content of 30 - 50% 
by weight for improving building materials, in particular 
as a concrete processing aid, i.e. as so-called super- 
plasticizer. 

The preparation of super-plasticizers is also dis- 
closed, for example, in DE-A-3 107 852, WO 91/12214, 
EP-A 0 326 125 and EP-A-0 336 165, as well as in the 
prior art which is cited in said patent publications. 

According to the literature mentioned above, in the 
preparation of the present condensation products, all the 
ingredients are added to a reaction vessel during thef irst 
sulphonation phase. After sulphite can no longer be 
detected, condensation is carried out in an acid medium 
until the desired viscosity is reached and the medium is 
rendered alkaline in order to stop the condensation and 
to ensure the stability during storage. 

The known processes yield products having proper- 
ties which still leave something to be desired. In adcfition, 
the processes according to the prior art are still capable 
of improvement. 
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An expedient process of the type described in the 
introduction was found which yields advantageous prod- 
ucts. These advantages will be dealt with in greater detail 
below. 

The invention relates to a process for preparing an 
aqueous solution of a polycondensate by 

a) preparing, in a first step, an aqueous solution of 
a precondensate composed of: at least one com- 
pound I containing at least two amino groups, at 
least one aldehyde II, at least one sulphonating 
agent III and, optionally, one or more co-reacting 
agents IV; 

b) converting, in a second step, the precondensate 
obtained in step a), optionally in the presence of one 
or more co-reacting agents IV, into a polyconden- 
sate at a lower pH than in step a) 



wherein, at the end of step a) any excess of unre- 

20 acted compound ill is reacted with an oxidizing agent 
and, in step b), an additional amount of the compound I 
is added to the precondensation product. 

It is preferable that, in the process according to the 
invention, the compound I is chosen, in step a) and/or at 

25 the end, from the group comprising amino-s-triazines, 
melamine, urea, thiourea, guanidine, dicyanodiamines, 
aminocarboxylic acids, aminodicarboxylic acids, amino- 
sulphonic acids and caprolactams. 

TTie aldehyde II is preferably chosen from the group 

30 comprising formaldehyde, acetaldehyde, butyraldehyde, 
furfuraldehyde and benzaldehyde. 

According to a further preferred embodiment, the 
sulphonating agent is chosen from the group comprising 
alkali-metal and alkaline-earth-metal sulphite and alkali- 

35 metal and alkaline-earth-metal sulphamate. In general, 
the cheap sodium sulphite can be used. 

In the process according to the invention, a co-react- 
ing agent IV may optionally be used. This may be, for 
example, an agent which promotes the solubility. As 

40 compounds IV, mention may be made, in particular, of 
the additives which are described in DE-A-3 107 852, 
DE-A-3 41 0 820, DE-A-3 609 802, EP-A-0 557 21 1 and 
WO 91/12214. Said literature references must be 
regarded as incorporated herein. 

45 The co-reacting compound IV preferably contains an 
acid group and another functional group, such as an 
amino group. The compound IV is added in step a) of the 
process according to the invention if it renders the reac- 
tion mixture alkaline. This is the case, for example, if 

so compound IV is present in the form of a water-soluble 
alkali-metal or alkaline- earth-metal salt of an aminosul- 
phonic acid. 

Co-reacting compound IV may also be added at the 
beginning of step b) if it reduces the pH. In this case, no 
55 salts, but free acids will be used. 

At the end of step b) of the process according to the 
invention, co-reacting agent IV may also be added in 
order to increase the pH again. 
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The co-reacting agent IV is chosen, in particular, 
from the group comprising naphthalenesulphonic acid, 
mono- and dibenzoic acid, toluene-, xylene- and cume- 
nesulphonic acids (including o-, p-and m-derivatives), 
fatty acid amineoxides, betaine, quaternary ammonium 
compounds, ether carboxylic acids, aminosulphonic 
acids, amino acids, aminocarboxylic acids, aminodicar- 
boxylic acids, hydroxycarboxylic acids, hydroxycarboxy- 
lic acid lactones, polyhydroxycarboxylic acid lactones, 
sulphamic acids, a boron -containing polyhydroxycarbox- 
ylic acid or a water-soluble alkali-metal salt or alkaline- 
earth-metal salt of such an acid which, as such, has the 
formula 



formula 



r 



5 -("')" ■ 



c 

I 

OH 



H 

OH 



in which 
Ri is 



H 

t 

-C- 
i 

OH 



and n = 3 - 8, preferably 4 - 6, 

a compound having the general formula 

ArO-fR^-R* 

where Ar is an optionally substituted benzene radical or 
naphthalene radical, Ri is an oxyethylene group, 
-CH 2 CH 2 0-, or an oxypropylene group, 



f«3 

- CKa - CH - 0 * t 



an oxyethylene chain or an oxypropylene chain contain- 
ing not more than 1 5 oxyethylene groups or oxypropyl- 
ene groups, or a combination of oxyethylene groups and 
oxypropylene groups in a chain, the sum of said groups 
being not more than 15; the mean value q for n is 1 - 15 
and R 2 is hydrogen or a phosphonate group having the 
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in which Iv^ and M 2 are a hydrogen ion or alkali-metal 
ion, or in which R 2 is a group having the formula 



0 

- P - 

I 

M, 



0M a 



in which M 2 has the abovementioned meaning and M 3 
is -[Ri] n -0 Ar, R 1t n and Ar having the abovementioned 
meaning, 

ketones, aliphatic and/or aromatic carboxamides such 
as formamide, acetamide, propionamide, butyramide, 
methacrylamide or benzamide, an acid containing^ at 
least one SH group or a salt of such an acid, for example 
a mercaptosulphonic acid or a mercaptocarboxylic acid. 

The process according to the invention is preferably 
carried out in such a way that 

a) in the first step, the following amounts of the other 
reagents are used per mol of the compound I: 

2.8 - 6 mol of the aldehyde II, 

0.8 - 2.5 mol of the sulphonating agent Ml, and 

0 - 3 mol of the co-reacting agent IV; 

b) and in the second step, 0.1-1 mol of the additional 
amount of the compound I and, optionally, 0 - 3 mol 
of the co-reacting agent IV are added, again based 
on 1 mol of the compound I. 

In the novel process, an attempt will be made to 
bond, in the first phase of the preparation of the conden- 
sation product, a maximum amount of sulphonating 
agent Ml (sulphite) and aldehyde II (for example, formal- 
dehyde) to 1 mol of compound I (for example, melamine). 
This reaction can be monitored by determining the free 
sulphonating agent, for example sulphite. The reaction 
is continued until the content of free sulphonating agent 
(sulphite) no longer decreases. The excess sulphonating 
agent (sulphite) is eliminated by adding an oxidizing 
agent, for example hydrogen peroxide. According to the 
invention, it is preferable that, in step b), additional com- 
pound I is added only after free sulphonating agent III 
can no longer be detected. 

The process according to the invention can be car- 
ried out under various temperature and pH conditions. 
Preferable is an embodiment in which, in step a) an 
adjustment is made to a pH of 9 - 1 3 and a temperature 
of 65 - 100°C and condensation is carried out until sul- 
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phonating agent III is no longer reacted and, in step b) 
an adjustment is made to a pH in the range 3 - 9 and a 
temperature in the range 40 - 100°C. In the second 
phase, the condensation is continued until the product 
fulfils the requirements for a superplasticizing agent or, 
in other words, fulfils the definition of NEN 3532. After 
the desired viscosity has been reached, the condensa- 
tion reaction is stopped by adding alkali. To guarantee a 
good stability during storage, the pH is adjusted to 7 - 1 1 
depending on the concentration. At a lower concentra- 
tion, the pH may be low. 

A different polycondensation product will always be 
produced i.e. a product with a somewhat different chem- 
ical structure will always be produced, depending on the 
amount of compound I (for example, melamine and/or 
urea) to be added in the second step. 

In relation to the present invention the following may 
also be noted with reference to the example in which, 
according to the invention, melamine and/or urea, sul- 
phite and formaldehyde are used. An even distribution 
of sulphite and formaldehyde will be produced over the 
melamine molecule, which itself is again condensed fur- 
ther to form a polymer composed of sulphonated mela- 
mine units. If a portion of the melamine is replaced by 
urea during the sulphonating phase, in the process 
according to the invention, this will hydrolyse below a pH 
of 7.0 and lose almost half of its molar mass, with the 
result that a large portion of the economic advantage of 
the use of urea is lost. This hydrolysis will not take place 
if urea is incorporated during the second phase. 

In the process according to the invention, a polymer 
is probably formed which has more than one sulphite 
group, joined to the nucleus by unsulphonated amine 
and/or urea molecules, on the outside of the molecule 
cluster. 

The resins prepared by the process of the invention 
can be sulphonated and condensed at relatively high 
temperatures, for example at 95 - 1 1 0°C. As a result, the 
polycondensation can even take place at a pH above pH 
7.0, with the result that appreciably lesser amounts of 
salts are produced after adjusting to a pH of 10.5 at the 
end of the preparation. 

In addition to the technological advantages relating 
to the temperature sensitivity, the process according to 
the invention also has economic advantages because, 
in the process, high percentages of relatively cheap 
ingredients such as urea and sulphite can be used. 

The invention also relates to products, optionally in 
dried form, which are obtainable or have been obtained 
by the process described above. 

The invention also relates to the use of such prod- 
ucts as additives or ingredients for hydraulically harden- 
ing systems, in particular concrete and anhydride. The 
products according to the invention can also be used in 
combination with, for example, lignin, naphthalenes, sur- 
factants, accelerators and retarders or directly as auxil- 
iary material. 

The invention is explained in greater detail in the 
examples below. 
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Example 1 

In the first phase, the ingredients are loaded into a 
standard reactor provided with stirrer, automatic pH con- 

5 trol (by dispensing acid and alkali), heating system and 
cooling system in the following ratio: 1 mol of melamine, 
7 mol of formaldehyde/1 mol of sulphite and water with 
a theoretical solids content of 75%. 

The pH is automatically adjusted to 1 2.2 and heating 

10 is furthermore carried out to 103°C. After the free sul- 
phite no longer decreases, the pH is again adjusted in 
the second phase to 7.3 and 15 mol% of melamine is 
added to the mixture and condensation is carried out 
until the product has a viscosity of approximately 1 00 cR 

15 

Exqmp l e 2 

In the first phase, ingredients are added to the 
abovementioned reactor in a molar ratio which is cur- 
se rently standard for the manufacture of this type of prod- 
ucts: melamine, formaldehyde, sulphite 1:3:1, with the 
exception that only 75% of the melamine is added. 

Sufficient water is added for the theoretical solids 
content to be 38%. The mixture is heated to 75°C while 
25 stirring and the pH is adjusted to 10.5. After a decrease 
in the free sulphite can no longer be observed, the 
remainder of the melamine is added in the second 
phase, the mixture is cooled to 50°C and the pH is 
adjusted to 6 and condensation is carried out until the 
30 product has a viscosity of 90 cR 

Example 3 

1 mol of melamine, 1 mol of sulphite and 3 mol of 
35 formaldehyde and an amount of water is added to a 
standard reactor so that a product having a solids con- 
tent of 40% is produced and heating is carried out to 
78°C. The pH is adjusted to 11 with NaOH. After free 
sulphite is no longer detected, the pH is adjusted to 5.5 
40 and the temperature to 55°C. After the correct viscosity 
has been reached, the pH is again adjusted to between 
10 and 1 1 and the mixture is cooled to 25°C. 

Example 4 

45 

According to Example 3, in which the urea is added 
after no decrease in the amount of free sulphite is 
observed: 





melamine 


urea 


formaldehyde 


sulphite 


a. 


0.9 


0.1 


2.9 


1 


b. 


0.8 


0.2 


2.8 


1 


c. 


0.7 


0.3 


2.7 


1 


d. 


0.6 


0.4 


2.6 


1 
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Claims 

1 . Process for preparing an aqueous solution of a poly- 
condensate by 

5 

a) preparing, in a first step, an aqueous solution 
of a precondensate composed of: at least one 
compound I containing at least two amino 
groups, at least one aldehyde II, at least one sul- 
phonating agent III and, optionally, one or more w 
co-reacting agents IV; 

b) converting, in a second step, the preconden- 
sate obtained in step a), optionally in the pres- 
ence of one or more co-reacting agents IV into 

a polycondensate at a lower pH than in step a), 15 

wherein, at the end of step a) any excess of unre- 
ached compound III is reacted with an oxidizing 
agent and, in step b) an additional amount of the 
compound I is added to the precondensation prod- 
uct. 

2. Process according to Claim 1 , wherein compound I 
is chosen from the group comprising amino-s- tri- 
azines, melamine, urea, thiourea, guanidine, dicya- 25 
nodiamines, aminocarboxylic acids, 
aminodicarboxylic acids, aminosulphonic acids and 
caprolactams. 

3. A process according to Claim 1 or 2, wherein aide- 30 
hyde II is chosen from the group comprising formal- 
dehyde, acetaldehyde, butyraldehyde, 
furfuraldehyde and benzaldehyde. 

4. A process according to Claims 1 - 3, wherein the sul- 35 
phonating agent III is chosen from the group com- 
prising alkali-metal and alkaline-earth-metal 
sulphite and alkali-metal and alkaline-earth-metal 
sulphamate. 

40 

5. A process according to Claims 1 - 4 in which the co- 
reacting agent (IV) is chosen from the group com- 
prising naphthalenesulphonic acid, mono- and 
dibenzoic acid, toluene-, xylene- and cumenesul- 
phonic acids (including o-, p- and m- derivatives), 45 
fatty acid amine oxides, betaine, quaternary ammo- 
nium compounds, ether carboxylic acids, aminosul- 
phonic acids, amino acids, aminocarboxylic acids, 
aminodicarboxylic acids, hydroxycarboxylic acids, 
hydroxycarboxylic acid lactones, polyhydroxycar- so 
boxylic acid lactones, sulphamic acids, a boron-con- 
taining polyhydroxycarboxylic acid or a water- 
soluble alkali-metal salt or alkaline-earth-metal salt 



of such an acid which, as such, has the formula 

H H 
0 - C - C -» 

OH OH 



in which 
R1 is 



H 

I 

OH 



where Ar is an optionally substituted benzene radical 
or naphthalene radical. Fh is an oxyethylene group, 
-CH2CH2O-, or an oxypropylene group, 

• CH a - CH • 0 



an oxyethylene chain or an oxypropylene chain con- 
taining not more than 1 5 oxyethylene groups or oxy- 
propylene groups, or a combination of oxyethylene 
groups and oxypropylene groups in a chain, the sum 
of said groups being not more than 15; the mean 
value t| for n is 1 - 15 and R 2 is hydrogen or a phos- 
phonate group having the formula 

- 0 - 0M 2 
1 

OMj 



in which Mi and M 2 are a hydrogen ion or alkali- 
metal ion, or in which R 2 is a group having the for- 
mula 




M 3 



so and n = 3 - 8, preferably 4 - 6, 

a compound having the general formula 



in which M 2 has the abovementioned meaning and 
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M3 is -[Ri] n -0 Ar, Ri , n and Ar having the abovemen- 
tioned meaning, 

ketones, aliphatic and/or aromatic carboxamides 
such as formamide, acetamide, propionamide, 
butyramide, methacrylamide or benzamide, an acid 5 
containing at least one SH group or a salt of such an 
acid, for example a mercaptosulphonic acid or a 
mercaptocarboxylic acid. 

6. Process according to one or more of the preceding 10 
claims, wherein 

a) in the first step, the following amounts of the 
other reagents are used per mo! of the com- 
pound I: 15 

2.8 ■ 6 mol of the aldehyde II, 
0.8 - 2.5 mol of the sulphonating agent 
111, and 

0 - 3 mol of the co-reacting agent IV; 

b) and in the second step, 0. 1 - 1 mol of the addi- 20 
tional amount of the compound I and, optionally, 

0 - 3 mol of the co-reacting agent IV are added, 
again based on 1 mol of the compound I. 

7. Process according to one or more of the preceding 25 
claims, wherein, in step b) additional compound I is 
added only after free sulphonating agent III can no 
longer be detected. 



8. Process according to one or more of the preceding 30 
claims, wherein, in step a), an adjustment is made 

to a pH of 9 - 13 and a temperature of 65 - 100°C 
and condensation is carried out until sulphonating 
agent 111 is no longer reacted and, in step b) an 
adjustment is made to a pH in the range 3 - 9 and a 35 
temperature in the range 40 - 100°C. 

9. Process according to one or more of the preceding 
claims, characterized in that a polycondensate is 
prepared which fulfils the definition of a plasticizing 40 
agent according to NEN 3532. 

10. Products, optionally in dried form, obtainable 
according to the process of one or more of the pre- 
ceding claims. 45 

11. Use of a product according to Claim 10 as additive 
for hydraulically setting mortars. 
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